This work is concerned with a two stages four beds adsorption chiller utilizing activated carbon-methanol adsorption pair that operates on six separated processes. The four beds that act as thermal compressors are powered by a low grade thermal energy in the form of hot water at a temperature range of 65 to 83 °C. As well as, the water pumps and control cycle consume insignificant electrical power. This adsorption chiller consists of three water cycles. The first water cycle is the driven hot water cycle. The second cycle is the cold water cycle to cool the carbon, which adsorbs the methanol. Finally, the chilled water cycle that is used to overcome the building load. The theoretical results showed that average cycle cooling power is 2.15kW, while the experimental measurement revealed that the cooling capacity of the cycle is about 1.98 kW with a relative error of % 0.02. The generator and condensing temperatures are 83 and 30 °C, respectively. The coefficient of performance (COP) of that chiller was in the range of 0.37 to 0.49. The best operating point and the best working conditions were also investigated. The present chiller is superior more than the single stage, two beds adsorption chiller that works on the activated carbon methanol pair that needs a high ambient temperature.
Introduction:
Introduce renewable energy is a sustainable solution to a shortage in the fossil fuel and the environmental impact. The suggested solutions for the units that can work on low grade energy are (solid-vapor) adsorption systems as well as absorption (liquid-vapor) systems. Even though adsorption cycles have relatively lower performance than absorption cycles, the latter can only be used with sources of high temperature. Employing active carbon-methanol or gel-water set up as the adsorbent-refrigerant in adsorption cycles allow for these cycles to be stimulated by heat sources of near ambient or low temperature. One proven example of adsorption systems that are driven thermally is the work of Luo et al. [1] . They built an adsorption chiller that is driven by solar power. Their work depended on using substitute system cooling for grain storage. The outcome of the system has a cooling capacity from 3.2-4.4 kW in average, and COP of about 0.1-0.13. Núñez et al. [2] have demonstrate a small prototype adsorption heat pumps, the COP at heating mode exceeding 1.5, and the airconditioning's COP was near 0.5. Moreover, Myat et al. [3] examined the performance of a low-grade waste heat cooling system based on Zeolite adsorption. According to their results, a heat source of only 55 °C can be utilized to give a COP that reaches 0.48. Qian et al. [4] studied the performance of an adsorption chiller with the synthetic water/zeolite driven by hot water at 70 °C. At various operating conditions, the recorded COP was between 0.1to 0.6 and cooling capacity of 3kW was obtained. Pons and Guilleminot [5] studied icemaker utilizing stimulated carbonmethanol pair by using solar radiation. The results showed a COP of about 0.15. Critoph [6] stated that the COP of an adsorption icemaker system using charcoal/methanol pair was in the range of ١٣٠ 0.2-0.5 at 8 °C as the evaporation temperature. The heat source produced a temperature range of 80-140 °C. All of the researches mentioned previously proved the necessity to improve the performance of adsorption refrigeration systems. Abdual Hadi ,Fawziea and Faeza [7] The two beds adsorption chiller was driven by hot water, with a temperature range of 70 to 100oC. Used active carbon-methanol adsorption pair. It was found that using the mass recovery process increases the initial concentration of methanol in the desorption generator; hence, improving the COP and SCP of the cycle. The COP of this adsorption chiller was about 0.301, while the SCP was about 0.3532 kW/kgAC, at an outdoor temperature of 25 oC. Eventually a mass of 200 kg of water could be chilled from 10 oC to about 7 oC in about 14 min Later on, Saha BB. [8] developed a three-stage adsorption chiller which utilized silica gel-water adsorption refrigeration cycle driving heat source temperature is 50 °C and 30 °C cooling water source temperature. In Ref. [9] , the simulation results of a multi-bed regenerative adsorption chiller revealed that, by employing similar source of heat to derive a four-bed chiller improved cooling capability by 70% as compared with a single stage two-bed adsorption chiller. While a six-bed adsorption chiller can improve cooling capacity by 40% refrigerating in comparison with a four-bed adsorption chiller. The adsorption chiller suggested by Alam et al. [10] utilizes a heat source that ranges from 50°C to 90 °C and is a reheat double-stage adsorption system. This system achieved a cooling temperature of 30 °C. This reheat two-stage chiller has a higher COP than two-stage chiller. Additionally, a reheat twostage system is effective despite the low temperature of the heat source that starts from 50 °C and does not exceed 90 °C. A two stages four beds adsorption chiller utilizing activated carbonmethanol adsorption pair, based on Patent No. US 8479529 B by Prof. Ayman Al-Maaitah and Adnan Al-Maaitah [11] , is investigated.
The chiller present in this work operates on six separate processes. The four beds that act as thermal compressors are powered by a low grade thermal energy in the form of hot water. The effect of water temperature on the cooling capacity (CC), specific cooling capacity (SCP) and Cofficient of performance (COP) is studied in this work. Find the best working zone .The present work was conducted in the Labs of Millennium Energy Industries, (http:// millenniumenergy. co.uk/) Jordan.
Refrigeration Cycle
The adsorption chiller is utilized an active carbon methanol pair is supported by three water cycles [12] . The first water cycle is the hot water cycle passing through the generator and heating carbon to desorb the methanol vapor. The second cycle is the cooling water cycle, in which the water provided by this cycle passes through the generator to cool the carbon to adsorb the methanol. Finally, the water from the chilled water cycle is re-circulated through an evaporator section that placed in the conditioned space. While the temperature were measured at three water cycle, fixed on inlet and outlet of each water line cycle. J type thermocouple that connected digital thermometer, with an error of 
Energy Flow for Adsorption Chiller
The operating parameters and chiller component specifications are presented in Table  (1) . The water temperature leaving the adsorber and evaporator can be calculated as follow:
The hot water temperature leaving the adsorber in the desorption process is:
The cold water temperature leaving the adsorber in the adsorption process is:
The chilled water temperature leaving the evaporator in cooling process is:
The heat provided by the hot water to the generator in desorption process is: … (7) The cooling capacity in evaporation process is: … (9) Excel sheet was used to solve the system equations 1 to 9 [13] with the aid of Table (1) and used climatic data measured (hot ,cold and chilld water temperature inlet). In the simulation, the temperature along the heat exchanger of bed, evaporator and condenser are assumed to be uniform, 1.5 second interval time is used for the calculations. 
Uncertainties Analysis
All quantities that are measured to estimate the cooling capacity are subjected to certain uncertainties due to error in the measurement. These individual uncertainties (Uq) are presented. The analysis is carried out on the base of the suggestion made by Kline and McClintock [14] .
The cooling capacity uncertainty analysis can be calculated as follows: 
…(11)
The uncertainty in the cooling capacity= ±0.10 or 10%
Results and Discussion
Figure (2) presents the theoretical results of the variation of energy delivered by hot, cold and chilled water with time. The figure also shows, practically, the highest heat transfer rate is for the hot water circuit of 38 kW, offset by the heat transfer-rate to the cold water of (-33.5 kW), while the maximum heat transfer rate for the chilld water was 2.5 kW.
Fig. 2. Theoretical energy flow of three water cycles
The experimental water temperature variation for three cycles is shown in Fig. (3) . The highest temperature difference between entering and leaving water is shown to be at the generator and evaporator. Fig. (4) Shows the diagram for the energy flow used equation (12-13) of each of the three water circuits based on experimental registered data for water flow rates shown in Table ( 1) and temperature variation of water in the three cycles as show in fig.(3) . It shows the variation of cooling capacity, specific power consumption and heating load with the time. The variation of the refrigeration cycle performance (COP) as the ratio of the refrigeration capacity (SCP, specific power consumption) to the heat addition in adsorbent bed is presented in Figure  (5 
The figure shows that, as the hot water temperature increases, the specific cooling capacity the refrigeration capacity (SCP) increases too, with little decrease in the COP. This may be attributed the increasing of heat input to the generator. The best working zone is at the intersection point between the COP and SCP curves.From figure (5) it can be seen that maximum SCP is achieved at the desorption cycle temperature (driving heat source temperature) between 93 and 95 °C while the cooling temperature is 30 °C. The reason for this is the availability of enough refrigerant desorbed and adsorbed that can achieved the cooling capacity. This increase in specific cooling capacity is association with the lowest COP. The lowest COP is correspond to the maximum heating power, while the lowest SCP and highest COP are when the heating water temperature is at its lower value of 63 °C with a temperature of cooling that is 30 °C. The reduction in cooling capacity is due to the reduction in refrigerant mass flow rate. The values of COP andSCP peak at desorption temperature that is 78 °C and adsorption temperature 30 °C. The best working point and the best working area are between 73 °C -83 °C desorption temperature of the chiller. Figure (6) presents cooling water temperature and its effect on COP and (CC). The chosen inlet hot water-temperature was 85 °C for the four bed two stage operation. The capacity and COP are reduced when cold water temperature is increased because the adsorption process is delayed. Thus the methanol pressure in the generator restricted the flow of vapor from the evaporator to the generator. As well, as the saturation temperature of methanol increased, it leads to reduce the amount of desorb methanol. However the reduction of cooling water temperature increased the cooling capacity and COP, due to the improvement in the amount of the refrigerant that been adsorbed. 
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Finally, the average cycle performance of real and measured present value is compared with that for the predicted value. It is clear from Fig.7 . that there is a good agreement between the two curves. 
Conclusion
The conclusions that can be derived from the performance of the two-stage four bed adsorption chiller with activated carbon methanol pair are as follows: 
